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STRUCTURAL DYNAMICS DIVISION

RESEARCH AND TECHNOLOGY ACCOMPLISHMENTS FOR F.Y. 1990

AND PLANS FOR F.Y. 1991

SUMMARY

The purpose of this paper is to present the Structural Dynamics Division's research
accomplishments for F.Y. 1990 and research plans for F.Y. 1991. The work under each
branch/office (technical area) is described in terms of highlights of accomplishments during
the past year and plans for the current year as they relate to 5-year plans and the objectives
for each technical area. This information will be useful in program coordination with other

government organizations, universities, and industry in areas of mutual interest.

ORGANIZATION

The Langley Research Center is organized into directorates as shown in figure 1.
Directorates are subdivided into divisions and offices. The Structural Dynamics Division of
the Structures Directorate consists of five branches and one office as shown in figure 2. This
figure lists the key people in the division which consists of 80 NASA civil servants and 14
members of the Army Aerostructures Directorate, USAARTA, Army Aviation Systems
Command collocated at the Langley Research Center. Phone numbers for each
organization are given. Recent changes in key positions include the selection of Dr.
Woodrow Whitlow as Assistant Head of the Aeroservoelasticity Branch, Mr. Clinton V.
Eckstrom as Assistant Head of the Configuration Aeroelasticity Branch, and Mr. Michael G.
Gilbert as Assistant Branch Head of the Spacecraft Dynamics Branch. In addition, the
Interdisciplinary Research Office was added to the Division. Each branch/office represents a
technical area and disciplines under the technical areas are shown in the figure.

The Division conducts analytical and experimental research in six technical areas to
meet technology requirements for advanced aerospace vehicles. The research focuses on
the long range thrusts shown in figure 3. The Configuration Aeroelasticity Branch (CAB),
Unsteady Aerodynamics Branch (UAB), and Aeroservoelasticity Branch (ASEB) all work in
the area of the prediction and control of aeroelastic stability and response of aircraft and
rotorcraft. The Landing and Impact Dynamics Branch (LIDB) conducts research on the crash
dynamics of aircraft structures and on the technology for improving the safety and handling
performance of aircraft during ground operations. The Spacecraft Dynamics Branch (SDB)
conducts research on the prediction and control of the structural dynamic response of
complex space structures. The Interdisciplinary Research Office (IRO) develops
methodology for aerospace vehicle design with emphasis on providing analytical methods to
quantify interactions among engineering disciplines and to exploit this interaction for
improved performance.



FUNCTIONAL STATEMENT

The Division conducts analytical and experimental research in the areas of

configuration aeroelasticity, aeroservoelasticity, unsteady aerodynamics, impact and landing
dynamics, spacecraft dynamics, and multidisciplinary design to meet technology
requirements for advanced atmospheric and space flight vehicles. Develops analytical and
computational methods for predicting and controlling aeroelastic instabilities, deformations,
vibrations, and dynamic response. Investigates interaction of structure with aerodynamics
and control systems, landing dynamics, impact dynamics, and resulting structural response.
Evaluates structural configurations embodying new material systems and/or advanced
design concepts for general application and for specific classes of new aerospace vehicles.

Develops methodology for aircraft and spacecraft design using integrated multidisciplinary
methods. Uses a broad spectrum of test facilities to validate analytical and computational
methods and advanced configuration and control concepts. Develops research techniques
to demonstrate safety from aeroelastic instabilities for new airplanes, helicopters, and space
launch vehicles. Test facilities include the Transonic Dynamics Tunnel, the General Rotor

Aeroelastic Laboratory, the Impact Dynamics Research Facility, the Aircraft Landing
Dynamics Facility, the Space Structures Research Laboratory, and the Structural Dynamics
Research Laboratory.

FACILITIES

The Structural Dynamics Division has four major facilities available to support its
research as shown in figure 4.

The Transonic Dynamics Tunnel (TDT) is a maximum Mach 1.2 continuous flow,
variable pressure wind tunnel with a 16-square-foot test section which normally uses air or a
heavy gas (R-12) as the test medium. The maximum Reynolds number obtainable is
approximately 10 million per foot in heavy gas and 3 million per foot in air. The TDT is a

unique "National" facility that is used almost exclusively for testing of aeroelastic phenomena.
Semi-span, sidewall mounted models and full-span sting mounted or cable-mounted models
are used for aeroelastic studies of fixed wing aircraft. In addition, the Aeroelastic Rotor

Experimental System (ARES) test stand is used in the tunnel to study the aeroelastic
characteristics of rotor systems. The General Rotor Aeroelastic Laboratory (GRAL), located in
an adjacent building, is used to set up the ARES test stand in preparation for entry into the
TDT and for rotorcraft studies in hover. The TDT Data Acquisition System is capable of
simultaneous support of tunnel tests, GRAL tests and model checkout in the Calibration Lab.

A major facility upgrade to improve the heavy gas reclamation system is now in progress.
Operations with subatmospheric capability and air as the test medium will continue until mid

February 1991 after which operations will be restricted to atmospheric pressure air until the

end of March when all tunnel operations will be shut down for several months. The heavy
gas reclamation system upgrade is scheduled for completion in November 1991 after which
normal operations with both air and heavy gas will resume.

The Aircraft Landing Dynamics Facility (ALDF) is capable of testing various types of
landing gear systems at velocities up to 200 knots on a variety of runway surfaces under

many types of simulated weather conditions. The ALDF consists of a 2800-foot long rail



system, a 2.0 million pound thrust propulsion system, a test carriage, and an arrestment
system. Test articles can be subjected to vertical loads up to 65,000 pounds or sink rate of 20
feet per second on a wide variety of runway surface conditions. The facility provides for
testing at speeds and sizes pertinent to large transport aircraft, fighter aircraft, and the Space
Shuttle Orbiter.

The Impact Dynamics Research Facility (IDRF) is capable of crash testing full-scale
general aviation aircraft and helicopters under controlled conditions. The facility is a 220-foot
high, 400-foot long gantry structure which is the former Lunar Landing Facility. General
aviation aircraft and helicopters weighing up to 20,000 pounds can be tested up to 60 mph
using a free-swing pendulum approach. Attitudes can be adjusted for desired pitch, roll, and
yaw parameters. Impact surfaces can be concrete or dirt. High-speed motion pictures and
90 data channels are available to record the crash event. A vertical test apparatus is

attached to one leg of the facility for drop testing structural components. The facility is used to
support in-house research and other agency programs (Army, Air Force, FAA).

The Structural Dynamics Research Laboratory (SDRL) is designed for conducting
research experiments on the dynamics and control of flexible spacecraft structures. The
facilities in this laboratory include the 16 meter Thermal Vacuum Chamber, the Main
Backstop Area, and the Tower Test Area. These facilities provide a variety of environmental
simulation capabilities, including acceleration, vacuum and thermal radiation. The chamber
has a 55-foot diameter, hemispherical dome with a 64-foot high peak, flat floor and option for
a large centrifuge or a rotating platform. Access is by an airlock door and an 18 x 20-foot test
specimen door. A vacuum level of 10 torr can be achieved within 120 minutes and, with

diffusion pumps, 10 -4 torr vacuum can be achieved within 160 minutes. A temperature
variation of 100°F can be obtained in the chamber by using 250-square-feet of portable
radiant heaters and liquid nitrogen cooled-plates. The Backstop Area is dominated by the
38-foot high backstop of I-beam construction. Test areas around this fixture are 15 x 35 x 38
feet high and a tower 12 x 12 x 95 feet high, both equipped with hydraulic and pneumatic
supply lines. There are various sizes of hoists and accessible platforms for suspension
system attachment, instrumentation installation, and test viewing. Closed-circuit television is
available for monitoring research studies. Test articles can be excited by several types of
actuators and small shakers. State-of-the-art capability is available for signal conditioning
and processing including GenRad 2515 digital signal processing systems and a VAX 11-
780/EAI 2000 hybrid computer system for simulation and on-line test control.

The Space Structures Research Laboratory (SSRL) is a large open room of
dimensions 75 x 84 x 67 feet high. It has a truss framework spanning most of the ceiling area
from which lightweight test articles can be supported. A hoist having a capability of
approximately 2 tons is available. Access is through a 12 x 12-foot door. A 10 x 10-foot
backstop is available in one corner. A control room equipped for structural and structural
dynamics data acquisition and analysis equipment is available. Test equipment such as
electromagnetic shakers, sensors, and signal conditioning equipment is shared with the
SDRL and similar closed-circuit test monitoring and support are available.



F.Y. 1990 ACCOMPLISHMENTS

Configuration Aeroelasti¢ity Branch

The Configuration Aeroelasticity Branch conducts research (fig. 5) to develop the

aeroelastic understanding and prediction capabilities to apply new aerodynamic and
structural concepts to future flight vehicles and to determine and to solve the aeroelastic
problems of current designs as well as to evaluate the aeroelastic characteristics of new rotor

systems. Present activities and future plans for the major activity areas are presented in
figure 6.

The Configuration Aeroelasticity F.Y. 1990 accomplishments listed below are highlighted
in figures 7 through 16.

Aircraft Aeroelasticity:
Statically Unstable Model Flown Successfully Using Onboard Stability Augmentation
System in TDT

Aileron Buzz Characteristics are Determined for Several NASP Wing Configurations
Navy Advanced Fighter Shown Free From Flutter in TDT Tests

Effects of Thermal Gradients on Structural Vibration Frequencies Investigated
Flutter Characteristics Defined for Trail Rotor Model in TDT

Benchmark Models:

First Benchmark-Model-Program Test Successfully Completed

Rotorcraft Aeroelasticity:
TDT Tests Enhance Knowledge of Helicopter Rotor Nodalization Method
Aeromechanical Stability Data Base for Parametric Hingeless Rotor Expanded

TDT Facility Operations:

Modifications to Transonic Dynamics Tunnel Heavy Gas Reclamation System in
Progres£

TDT Data Acquisition System Improvements Implemented

Unsteady Aerodynamics Branch

The Unsteady Aerodynamics Branch (UAB) conducts research (fig. 17) to develop,
validate, and apply a set of Computational Fluid Dynamics (CFD) methods for predicting
steady and unsteady aerodynamic airloads and the aeroelastic characteristics of flight
vehicles. The branch also supports research activities aimed at the generation of
experimental data bases needed for computer code validation. Current research topics
reflect a major emphasis on accurately predicting transonic aeroelastic phenomena, such as
wing "flutter-speed dip" and aileron "buzz." Recently, research topics such as dynamic
vortex-structure interactions, dynamic loads and buffet prediction have also become
important areas of investigation within the UAB. Interest in these latter topics is due to the
emerging importance of the high angle-of-attack maneuvering flight capabilities
demonstrated by a number of current high performance aircraft. A computational
methodology which can be used to accurately and efficiently predict this wide range of
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unsteady aerodynamic and aeroelastic phenomena should be based upon a number of
different CFD mathematical formulations. The CFD methods developed within the UAB
include Transonic Small Disturbance methods, Euler equation methods, and Reynolds-
averaged Navier-Stokes based techniques. The branch research program is outlined in
figure 18 which shows the 5-year plan for the development of aerodynamic analysis methods
and aeroelastic prediction techniques. The plan also provides for UAB participation in the
Structural Dynamics Division's Benchmark Models Program (BMP). This experimental effort
includes participation in both the TDT wind tunnel tests, as well as pretest and post-test CFD
analysis activities.

The Unsteady Aerodynamics F.Y. 1990 accomplishments listed below are highlighted
in figures 19 through 30.

Transonic Small
m

Disturbance CFD Methods:

HiSAIR Vehicle Airloads Predicted Using CAP-TSD Code
The Volterra-Wiener Theory of Nonlinear Systems Applied to the Modeling of
Nonlinear Aerodynamic Responses Using CAP-TSD
Effects of Finite-Difference Mesh and Time Step in Solution of the Transonic Small
Disturbance Equation

Euler/Navier-Stokes CFD Methods:
- Conical Euler Method Developed to Study Unsteady Vortical Flows About Rolling

Delta Wings
- Unsteady Flow Around Delta Wings with Symmetric and Asymmetric Leading-Edge

Flaps Oscillations
- CFD Simulates Active Control of Delta Wing Rocking Motion
- Automated Spatial Adaption Procedure Developed For Accurate Unsteady F;ow

Analysis
- Three-Dimensional Flux-Split Euler Algorithm for Unstructured Grids Validated for

Steady Flow

Computer Graphics Methods:
Graphics Code Developed to Permit Visualization of CFD Results For 3-D
Unstructured Meshes

Experimental Investigations:
Liquid Crystals Used for Flow Visualization in TDT Benchmark Model Tests
Transonic Shock-Induced Dynamics of a Flexible Wing with an 18% Circular Arc Airfoil
Determined in TDT

Reynolds Number Effects on Unsteady Pressure Studied in 0.3M Cryo Tunnel

Aeroservoelasticity Branch

The Aeroservoelasticity Branch conducts research (fig. 31) to enhance modeling and
analysis methods to accurately determine the aeroelastic characteristics of flexible flight
vehicles; to formulate advanced algorithms for designing control systems to alleviate
undesirable structural and aeroelastic response; to integrate structures, aerodynamics, and
controls into a multidisciplinary preliminary design capability; to develop advanced finite
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element, structural optimization, aeroelastic tailoring, and aeroelastic stability methods; to
perform wind tunnel and flight experiments for obtaining data to validate the new and
improved methodologies; and to provide technical support to advanced NASA and DOD
projects for insuring that the flight envelope of the vehicle is free of unstable aeroelastic
phenomena or adverse structural response. The research is equally applicable to both fixed
wing and rotorcraft airframe structures including rotorcraft blade designs. The scope of this
work is more explicitly identified in figure 32 which shows the branch's 5-year plan.

The Aeroservoelasticity Branch F.Y. 1990 accomplishments listed below are
highlighted by figures 33 through 49.

Analysis Methodology and Applications:
Nonlinear Unsteady Aerodynamics Improve Prediction of Transonic Aeroelastic
Behavior of the AFW Model

- Flutter Control Successfully Demonstrated in the TDT Using the Active Flexible Wing
Wind-Tunnel Model

Aeroservothermoelasticity Successfully Demonstrated on Generic Hypersonic Vehicle
Optimization Scheme Used to Obtain Maximum Gust Loads for Nonlinear Aircraft
Digital Control System Stability and Robustness Determined On-Line During Wind-
Tunnel Testing
Hot Bench Simulation Used to Test Functionality of AFW Digital Controller
Turbulence in the Transonic Dynamics Tunnel (TDT) Measured Using Hot-Wire/Film
Anemometry

Design Methodology:

Simultaneous Optimal Design Demonstrated for Aeroservoelastic Systems
Digital Controller Using Real-Time UNIX Operating System Successfully Damps
Structural Response

- Feasibility of Using Adaptive Materials to Alleviate Aeroelastic Instabilities Established

- Digital Feedback Systems for Active Control of Aircraft Wing Loads During Roll
Maneuvers

- Active Static Aeroelastic Control Using Adaptive Materials

Rotorcraft Structural Dynamics:
Predicted Dynamic Characteristics Validated for Warping-Prone Extension-Twist-
Coupled Composite Tubes

Preliminary Design Method for Predicting the Effects of Damping Treatment on
Structural Vibrations

- Extension-Twist Coupling Concept Demonstrated in TDT
- Government/Industry/Assessment of DAMVIBS Program Completed
- Development of Dynamics Optimization Code for Rotorcraft Airframe Structures

Landing and Im.Dact Dynamics Branch

The Landing and Impact Dynamics Branch has two major facilities (fig. 50), the Aircraft
Dynamics Facility (ALDF) and the Impact Dynamics Research Facility (IDRF), for conducting
research. The landing dynamics group of the branch conducts research to advance
technology for safe, economical all-weather aircraft ground operations including the
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development of new landing gear systems. The group coordinates in-house research,
grants, and contracts with the U.S. tire industry to achieve the technology required. The
impact dynamics group conducts research to obtain a better understanding of response
characteristics of generic composite aircraft components subjected to crash loading
conditions and to develop/enhance analytical tools capable of predicting response of
composite structures. In-house research, grants, and contracts are also utilized to achieve
the technology and to develop better structural concepts capable of providing energy
absorption and reduced crash loads. The work of the Landing and Impact Dynamics Branch
is more clearly identified in figure 51 which shows the 5-year plan of the disciplines in both
landing and impact dynamics along with their expected results.

The Landing and Impact Dynamics Branch F. Y. 1990 accomplishments listed below
are highlighted by figures 52 to 59.

Impact Dynamics:
Commonality in Failure Behavior Identified for Metal and Composite Aircraft Structures
Under Crash Loads
Impact Tests Used to Qualify Honeycomb Energy Absorbing Attenuators for CETA
Emergency Brake

- Comparison of Predicted and Experimental Scale Effects in Strength of Composite
Beams

- Various Nonlinear Finite Element Analysis Tools Compared Using Experimental Data
From Composite Beam Column Study

- Effect of Floor Location on Failure Behavior of Composite Aircraft Fuselage Frame
Concept Determined Analytically

Landing Dynamics:
- Sensitivity Derivatives Developed to Streamline Future Tire Design Procedures
- Variable Yaw System Reduces Tire Characterization Test Time
- Runway Surface Traction and Radial Tire Program

Spacecraft Dynamics Branch

The Spacecraft Dynamics Branch (fig. 60) conducts research and focused technology
studies on the dynamics and control of flexible spacecraft. Analysis and prediction methods
are developed for application to such spacecraft as Space Station Freedom, Earth-observing
science platforms, and Solar System exploration spacecraft. Methods are verified and
improved through experiments on research hardware. Advanced test and data analysis
methods for improving the accuracy and speed of ground tests to simulate on-orbit behavior
and/or to verify spacecraft and spacecraft components for flight are also developed.
Significant ongoing emphasis is on interdisciplinary experiments on the control of flexible
spacecraft, scale models for spacecraft development, and advanced algorithms for system
identification. On-orbit verification methods and experiments are a long-term goal. The

scope of this work is more explicitly identified in figure 61 which shows the 5-year plan of the
organization's major thrusts and their expected result.

The Spacecraft Dynamics Branch F.Y. 1990 accomplishments listed below are
highlighted in figures 62 through 71.
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Controls-Structures Interaction:

- Control Of Flexible Mini-Mast Demonstrated by CSI Investigators
Closed-Loop Control of CSI Evolutionary Model Testbed Initiated
Discrete LQG Controller Design for a 10-Bay Truss Model
Control System Failure Detection

Dynamic Test and Verification Methods:
DSMT Hybrid-Scale Model Fabricated for Early Configuration Assembly Tests
Analytical Simulation Confirms Feasibility of Space Station Modal Identification
Experiment
Space Structures Research Laboratory Placed in Operation

Dynamic Analysis and System Identification:
A New Recursive System Identification Method Developed and Successfully
Demonstrated Using a 10-Bay Truss Structure
Method Developed For Expansion of Measured Mode Shapes
Nonlinear Joint Modeling Study

Interdisci.olinary Research Offioe

The Interdisciplinary Research Office (fig. 72) conducts research aimed at the
development, validation, and application of analytical methods for aerospace vehicle design
wherein the interactions among all appropriate disciplines are accounted for and exploited.
The research program includes the areas of optimization methods, sensitivity analysis,
approximate and design-oriented analysis, proper accounting for discipline coupling in
analysis and design, strategies for decomposing large complex problems into manageable
subproblems, and applications to problems of agency interest. Current application areas
include high-speed aircraft, rotorcraft, and controls-structure integrated design of spacecraft.
The 5-year plan for the research program shown in figure 73 indicates the current activities
and their goals.

The Interdisciplinary Research Office F.Y. 1990 accomplishments listed below are
highlighted in figures 74 through 81.

Optimization:
- Integrated Rotorcraft Optimization
- Integrated Controls-Structure Optimization for a Large Space Structure
- Model Rotor Blade Successfully Optimized for Hover Performance

Sensitivity Analysis:
- Aerodynamic Sensitivity Analysis Capability Developed for Helicopter Rotors in Axial

Flight
- Shape Sensitivity Analysis of Static and Dynamic Aeroelastic Responses
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Approximate and Design-Oriented Analysis:
Differential-Equation-Based Method Provides Accurate Approximation for Vibration
Frequencies and Mode Shapes
Coupled Multiple-Method Structural Analysis Method Demonstrated

Decomposition:
Application of a Knowledge-Based Tool to Understand HISAIR Data Flow
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PUBLICATIONS

The F.Y. 1990 accomplishments of the Structural Dynamics Division resulted in a
number of publications. The publications are listed below by organization in the categories
of journal publications, formal NASA reports, conference presentations, contractor reports,
technical briefs, and patents.

NASA

1.

.

Division Office

Formal Reports:

Doggett, R. V., Jr.; Soistmann, D. L.; Spain, C. V.; Parker, E. C.; and Silva, W. A." Ex-

perimental Transonic Flutter Characteristics of Two 72°-Sweep Delta-Wing Models.

NASA TM-101669, November 1989, 19 p.

Smith, J. G.; Gardner, J. E." Structural Dynamics Division Research and Technology
Accomplishments for F.Y. 1989 and Plans for F.Y. 1990. NASA TM-101683, January
1990, 193 p.

Confiouration Aeroelasticity Branch

Journal Publications:

. Brooks, T. F.; Booth, W. R., Jr.; Jolly, J. Ralph, Jr.; Yeager, W. T., Jr.; and Wilbur, M. L.:
Reduction of Blade-Vortex Interaction Noise Through Higher Harmonic Pitch Control.
Technical Note published in the Journal of the American Helicopter Society, Vol. 35,
No. 1, January 1990.

, Bohlmann, J. D.; Eckstrom, C. V.; and Weisshaar, T. A. Static Aeroelastic Tailoring for
Oblique Wing Lateral Trim. Journal of Aircraft, Vol. 27, No. 6, June 1990.

5 Eckstrom, Clinton V.; Seidel, David A.; and Sandford, Maynard C.: Unsteady Pressure
and Structural Response Measurements on an Elastic Supercritical Wing. Journal of
Aircraft, Vol. 27, No. 1, January 1990, p. 75-80.

Formal NASA Reports:

6 Singleton, Jeffrey D.; Yeager, William T.; and Wilbur; Matthew L." Performance Data
From a Wind-Tunnel Test of Two Main-Rotor Blade Designs for a Utility-Class
Helicopter. NASA TM-4183, AVSCOM TM 90-B-004, June 1990.

. Dansberry, Bryan E.; Rivera, Jos_ A., Jr.; and Farmer, Moses G." An Experimental
Study of Tip Shape Effects on the Flutter of Aft-Swept, Flat-Plate Wings. NASA TM-
4180, June 1990.
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Conference Presentations:

. Cole, Stanley R.: Effects of Spoiler Surfaces on the Aeroelastic Behavior of a Low-
Aspect-Ratio Rectangular Wing. Presented at the AIAA/ASME/ASCE/AHS/ASC 31st
Structures, Structural Dynamics and Materials Conference, Long Beach, CA, April
1990. AIAA Paper No. 90-0981. Also available as NASA TM-102622.

. Durham, Michael H.; Cole, Stanley R.; Cazier, F. W., Jr.; Keller, Donald F.; Parker,
Ellen C.; and Wilkie, W. Keats: Experimental Transonic Flutter Characteristics of
Supersonic Cruise Configurations. Presented at the AIAA/ASME/ASCE/AHS/ASC
31 st Structures, Structural Dynamics and Materials Conference, Long Beach, CA, April
1990. AIAA Paper No. 90-0979. Also available as NASA TM-102638.

10. Ricketts, Rodney H.: Experimental Aeroelasticity History, Status, and Future in Brief.
Presented at the AIAA/ASME/ASCE/AHS/ASC 31st Structures, Structural Dynamics
and Materials Conference, Long Beach, CA, April 1990. AIAA Paper No. 90-0978.
Also available as NASA TM-102651.

Patents:

11. Farmer, Moses D.: Cable Suspended Windmill. Patent Number 4,894,554, dated
January 1990.

Journal Publications:

12.

13.

14.

Unsteady Aerodynamics Branch

Batina, J. T.: Unsteady Euler Airfoil Solutions Using Unstructured Dynamic Meshes.
AIAA Journal, Vol. 27, No. 5, May 1990, p. 1381-1388.

Mohr, R. W.; Batina, J. T.; and Yang, H. T. Y.:
Aeroelastic Forces and Flutter Characteristics.

November 1989, p. 1038-1046.

Mach Number Effects on Transonic
Journal of Aircraft, Vol. 26, No. 11,

Rausch, R. D.; Batina, J. T.; and Yang H. T. Y.: Euler Flutter Analysis of Airfoils Using
Unstructured Dynamic Meshes, Journal of Aircraft, Vol. 27, May 1990, p. 436-443.

Formal NASA Reports:

15

16.

Edwards, J. W.: Assessment of Computational Prediction of Tail Buffeting. NASA TM-
101613, January 1990.

Lee, E. M.; and Batina, J. T.: Conical Euler Solution for a Highly-Swept Delta Wing
Undergoing Wing-Rock Motion. NASA TM-102609, March 1990.
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Conference Presentations:

17. Batina, J. T.: Accuracy of an Unstructured-Grid Upwind-Euler Algorithm for the ONERA

M6 Wing. Presented at the Accuracy of Unstructured Grid Techniques Workshop,
January 16-17, 1990, Hampton, VA. Proceedings pending.

18. Batina, J. T.: Implicit Flux-Split Euler Schemes for Unsteady Aerodynamic Analysis
Involving Unstructured Dynamic Meshes. Presented at the AIAA 31st Structures,
Structural Dynamics and Materials Conference, Long Beach, CA, April 2-4, 1990.
AIAA Paper No. 90-0936-CP. Also available as NASA TM-102732, November 1990.

19. Batina, J. T.: Three-Dimensional Flux-Split Euler Schemes Involving Unstructured
Dynamic Meshes. Presented at the AIAA 21st Fluid Dynamics, Plasmadynamics, and
Lasers Conference, Seattle, WA, June 18-20, 1990. AIAA Paper No. 90-1649. Also
available as NASA TM-102731, November 1990.

20. Batina, J. T.: Development of Unstructured Grid Methods for Steady and Unsteady
Aerodynamic Analysis. Presented at the 17th Congress of the International Council of
the Aeronautical Sciences, Stockholm, Sweden, September 9-14,1990. ICAS Paper
No. 90-6.9.4. Also available as NASA TM-102730, November 1990.

21. Bland, S. R.: Personal Computer Study of Finite-Difference Methods for the Transonic
Small Disturbance Equation. Presented at the Third International Congress of Fluid

Mechanics, Cairo, Egypt, January 2-4, 1990. In Proceedings p. 527-543. Also
available as NASA TM-102582.

22. Edwards, John W.: Unsteady Aerodynamics: Physical Issues and Numerical
Predictions. Presented at the Third International Congress of Fluid Mechanics, Cairo,
Egypt, January 2-4, 1990. In Proceedings, Vol. 1, p. 99-115.

23. Edwards, J. W.: Unsteady Airloads Due to Separated Flow on Airfoils and Wings.
Presented at the AGARD 70th Structures and Materials Panel Meeting, Sorrento, Italy,
April 2-6, 1990. AGARD CP-483, Paper No. 16, September 1990.

24. Kleb, W. L.; Batina, J. T.; and Williams, M. H.: Temporal-Adaptive Euler/Navier-Stokes
Algorithm for Unsteady Aerodynamic Analysis of Airfoils Using Unstructured Dynamic
Meshes. Presented at the AIAA 21st Fluid Dynamics, Plasmadynamics, and Lasers
Conference, Seattle, WA, June 18-20, 1990. AIAA Paper No. 90-1650.

25. Malone, J. B.; Narramore, J. C.; and Sankar, L. N.: An Airfoil Design Method for
Viscous Flows. Presented at the Fifteenth Southeastern Conference of Applied
Mechanics, Atlanta, GA, March 22-23, 1990. (Proceedings in Developments in
Theoretical and ADDlied Mechanics. Vol XV, College of Engineering, Georgia Institute
of Technology, p.463-470, 1990.)

26. Narramore, J. C.; Malone, J. B.; and Vermeland, R.: Application of a New Navier-
Stokes Inverse Method to the Design of Advanced Airfoils. Presented at the 46th
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Annual Forum of the American Helicopter Society, Washington, D.C., May 21-23,
1990.

27. Robinson, B. A.; Batina, J. T.; and Yang, H. T. Y.: Aeroelastic Analysis of Wings Using
the Euler Equations With a Deforming Mesh. Presented at the AIAA 31st Structures,
Structural Dynamics and Materials Conference, Long Beach, CA, April 2-4, 1990.
AIAA Paper No. 90-1032.

28 Silva, W. A.; and Bennett, R. M.: Using Transonic Small Disturbance Theory for
Predicting the Aeroelastic Stability of a Flexible Wind-Tunnel Model. Presented at the
AIAA/ASME/ASCE/AHS/ASC 31st Structures, Structural Dynamics and Materials
Conference, Long Beach, CA, April 2-4, 1990, AIAA Paper No. 90-1033. Also
available as NASA TM-102617, March 1990, 12 p.

29. Silva, W. A.; and Bennett, R. M.: Predicting the Aeroelastic Behavior of a Wind-Tunnel
Model Using Transonic Small Disturbance Theory. Presented at the 17th Congress of
the International Council of the Aeronautical Sciences, Stockholm, Sweden,

September 9-14, 1990. ICAS Paper No. 90-1.1.1, Vol. 1, p. 1-10, ICAS Proceedings.

Contractor Reports:

30. Weinberg, B. C.; Chen, S-Y; Thoren, S. J.; and Shamroth, S. J.:
Dimensional Viscous Wing Flow Analysis. (NAS1-18140
Associates, Inc.) NASA CR-182023, May 1990, 54 p.

Extension of a Three-
Scientific Research

31. Weinberg, B. C.; Chen, S-Y; Thoren, S. J.; and Shamroth, S. J.: Extension of a Three-
Dimensional Viscous Wing Flow Analysis - User's Manual - VISTA 3-D Code. (NAS1-
18140 Scientific Research Associates, Inc.) NASA CR-182024, May 1990, 105 p.

Aeroservoelasticity Branch

Journal Publications:

32. Arbuckle, P.; Buttrill, C.; and Zeiler, T. A.: Simulation Model-Building Procedure for
Dynamic Systems Integration. AIAA Journal of Guidance. Control. and Dynamics,
November/December 1989, Vol. 12, No. 6, p. 894-900.

33. Gilbert, M. G.:
Aircraft Design.
215-231.

An Analytical Sensitivity Method for Use in Integrated Aeroservoelastic
Journal of Mechanical Systems and Signal Processing, May 1990, p.

34. Lakin, W. D.; and Kvaternik, R. G.: An Integrating Matrix Formulation for Buckling of
Rotating Beams Including the Effects of Concentrated Masses. International Journal of
Mechanical Sciences, Vol. 31, No. 8, 1989, p. 569-577.
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35. Perry, B. III; Pototzky, A. S.; and Woods, J. A.: NASA Investigation of a Claimed
"Overlap" Between Two Gust Response Analysis Methods. AIAA Journal of Aircraft,
Vol 27, No. 7, September 1990, p. 605-611.

36. Woods, J. A.; Gilbert, M. G.; and Weisshaar, T.: Parametric Aeroelastic Stability
Analysis of a Generic X-Wing Aircraft. AIAA Journal of Aircraft, Vol 27, No. 7, July
1990.

37. Young, Maurice I.: On Dynamics Stability Boundaries for Binary Systems. Journal of
Sound and Vibration. Vol. 136, No. 3, February 8, 1990.

38. Young, Maurice I.: On Lightly Damped Linear Systems. Journal of Sound and
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F.Y. 1991 PLANS

The F.Y. 1991 plans for the Structural Dynamics Division are broken out by each of the
branches (technical areas) and selected highlights of proposed F.Y. 1991 milestones are
presented.

Configuration Aeroelasticity Branch

Figure 82 summarizes accomplishments planned for F.Y. 1991 selected from the
Branch's broad based research program on dynamic and aeroelastic phenomena of aircraft
and rotorcraft. A large portion of this work is associated with wind tunnel tests in the Langley
TDT with companion theoretical studies. Research studies are planned for both rotorcraft
and aircraft. Wind tunnel testing will be limited to the first half of F.Y. 1991 prior to shutdown
of the TDT for construction work associated with the CofF project "Modifications to the Heavy
Gas Rectamation System for the TDT."

Testing related to aircraft aeroelasticity will include the second test of the Active
Flexible Wing (AFW) model with new active control concepts for roll control and for flutter
suppression. The roll control and the flutter suppression control laws will be tested first
individually and then simultaneously. The AFW test is part of a NASA/Rockwell cooperative
program.

Basic studies under the Benchmark Models Program will include the second test of the
NACA 0012 rectangular wing on a flexible mount to provide additional wing surface unsteady
pressure measurements to supplement flutter boundary and other instability data already
acquired. Two similar basic studies models will be fabricated, instrumented and checked out
in the laboratory during F.Y. 1991, one with a supercritical airfoil and the other with the same
NACA 0012 airfoil but with the addition of a trailing edge control surface and separate upper
and lower surface spoilers all of which are to be used in the evaluation of active control laws
for flutter suppression.

The rotorcraft aeroelasticity work will include initial testing of 2 second generation
Aeroelastic Rotor Experimental System (ARES) testbed systems that improve the capability to
model the interaction between the hericopter rotor and the body. The first, ARES _.5, witt be
used for a rotor test in the TDT and the second, ARES 2.0, will be tested in the Hover Facility.
The ARES 1.5 mounts the metric section of the ARES model on a static gimbal or "soft
mount." This mount will allow the model fixed system stiffness and damping characteristics in
both pitch and roll to be adjusted. The ARES 2.0 mounts the metric section of the ARES on a
platform which is supported by six hydraulic actuators. These actuators will be computer
controlled to obtain the desired body roll, pitch, yaw, side, normal and axial motions.

Highlights of proposed F.Y. 1991 research for the three technical areas of Aircraft
Aeroelasticity, Rotorcraft Aeroelasticity, and Benchmark Models are shown in figures 83
through 85, respectively.
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Unsteady Aerodynamics Branch

For F.Y. 1991 there will be continuing activity in developing computational methods to
solve nonlinear, unsteady fluid flow equations for application to aeroelastic analysis (fig. 86).
There will be continued applications of the CAP-TSD code to aeroelastic response problems
in order to further define its range of accuracy. As part of this activity, the branch will continue
to provide support for the CAP-TSD code via a contract programmer. In addition, unsteady
aerodynamic and aeroelastic response calculations will be performed using higher-order
methods, such as solution procedures based on the Euler and Navier-Stokes equations.
Correlations of computed results from UAB developed Euler/Navier-Stokes codes with other
theoretical solutions and experimental data will help to evaluate and validate the new CFD
methods (fig. 87(a)). This year will also see new developments in the prediction of vortex and
viscous dominated flows (see figure 88) and their roles in aeroelastic response phenomena.
These research efforts with higher-order CFD methods will be carried out using both
structured and unstructured grid flow solvers. Finally, a new initiative in F.Y. 1991 will be the
development of an in-house capability to generate computational grids for use with both
structured and unstructured grid CFD procedures.

Aeroservoelasticity Branch

Figure 89 lists the major tasks being pursued by the Aeroservoelasticity Branch in F.Y.
1991. In the Design Methodology area, activities to design low-order, MIMO, robust digital
control laws for flutter suppression and for rolling maneuver load alleviation will be
continued. These control laws will be tested separately and in combination on the AFW wind
tunnel model during the spring of 1991 to obtain data for validating advanced design codes.
The development of an integrated multidisciplinary design approach based on hierarchical
multilevel decomposition, optimization techniques, and sensitivity information will be
continued as part of the HiSAIR (High-Speed Airframe Integration Research) Project. The
branch objectives in this effort are to include aeroelasticity and ASE in the preliminary design
activity of flight vehicles. Investigations will continue in evaluating the feasibility of employing
adaptive structures technology for aeroelastic and ASE application through simple wind
tunnel demonstrations. In the Analysis Methodology and Applications area, the focus of
attention involves the development of procedures for using nonlinear transonic
aerodynamics to improve our ASE analysis and design methodologies. Studies to assess
the effects of high temperatures and thermal gradients on the aeroelastic and ASE
characteristics of the NASP vehicle will be initiated. Various active control and passive
concepts which offer the potential for improving the loss of aircraft stability or performance
due to thermal effects will be investigated. In the area of Rotorcraft Structural Dynamics,
research is continuing in the development of advanced finite element modeling techniques to
improve the prediction of rotorcraft airframe vibrations. In addition, studies will continue in the
areas of coupled rotor-airframe systems, airframe structural optimization under dynamics
constraints, and extension-twist coupling for passively controlling blade twist for improving
the aerodynamic performance of tiltrotor aircraft.

Selected highlights of ongoing F.Y. 1991 research are shown in figures 90 through 95.
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Landing and Imoact Dynamics Branch

Figure 96 lists the areas of continuing activity in the landing dynamics side of the branch
for F.Y 1991. The activities include development of a research plan and initiation of the
Advanced Active Control Landing Gear Program. The research plan will be based, in part,
on feedback from an Active Control Landing Gear Workshop scheduled for April 1991.
Phase II Heavy Rain Simulation testing on ALDF will be completed in F.Y. 1991 and the wing
will be removed from the carriage. Phase I testing of the 26 x 6.6 bias-ply and radial-belted
aircraft tires on smooth, ungrooved concrete surfaces will be completed in this time frame,
and initial tests to define the normal and friction force distribution in the footprints of rolling
tires will be conducted on ALDF. The initial version of the National Tire Modeling Code will

be distributed to industry and efforts will continue to develop computationally efficient
algorithms for tire modeling. These experimental and analytical programs will develop the
landing gear technology necessary for safe ground handling operations for future aircraft
such as the HSCT.

Figure 97 lists the areas of continuing activity in the impact dynamics group for F.Y. 1991.
The ongoing composite scaling studies will be extended to investigate the various failure
mechanisms exhibited by composite structures. Efforts will continue to enhance the family of
nonlinear shell and beam composite elements in the DYCAST computer code. Various static
and dynamic tests will be conducted to evaluate the effect of floor location on the response
characteristics of composite fuselage frame concepts subjected to crash loads. Composite
subfloor components for full-scale GA composite airframes will be designed in F.Y. 1991 and
the airframes will eventually be used as crash test specimens. At the same time static and
dynamic testing will continue on I-, J-, and C-shaped fuselage concepts. Finally, the effort to
develop and enhance computationally efficient algorithms for composite structural analysis
will continue.

Spacecraft Dynamics Branch

During F.Y. 1991, as in F.Y. 1990, two major areas of focused technology development
will be emphasized in addition to base research and technology development. The first
focused technology area is the control of flexible spacecraft under the Controls Structures
Interaction (CSI) Program. Focusing on ground test methods, system-level experimental
studies will continue on a 55-foot-long space platform simulator model, the CSI Evolutionary
Model, which is expected to evolve in complexity over a period of years. For F.Y. 1991 these
experiments will emphasize line-of-sight control studies using a 15-thruster pneumatic-jet
control system and advanced digital model-in-the-loop control algorithms. Fabrication of the
next phase of hardware components, to demonstrate improved integrated structure-control
design compatibility, will begin and advanced electro-mechanical actuators will be
designed. A second structure, the 20-meter-long Mini-Mast will continue, for the first half-
year, to serve as a focus for evaluating flexible spacecraft control algorithms developed by
guest investigators from three universities and then be phased out of use. A third CSI activity
will be to participate in the simulation and evaluation of candidate experiments for on-orbit
CSI technology development, including a proposed demonstration suing the Space Shuttle
Remote Manipulator System.
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The second major area of focused technology development, structural dynamics
analysis and test methods, will emphasize system identification and test methods for space
structures which cannot be accurately tested for dynamic behavior in Earth gravity. Because
of its large size and expected flight schedule, the Space Station Freedom will continue to be
used as a focus spacecraft in the expectation that methods developed can ultimately be
verified using on-orbit data. A test and analysis program based on a 1/10th-size, 1/5th-
frequency, hybrid-scale model of the circa-1990 SSF configuration will emphasize evaluation
of modal superposition analysis and component substructure test methods. Development of
an on-orbit dynamics measurement plan in support of the Modal Identification Experiment
(MIE) Project will continue, emphasizing data analysis requirements and difficulties. In both
of these activities which focus on Space Station Freedom, requirements for adjustment of
plans and rework of completed items which may result from pending SSF design changes
will be evaluated.

In base research and technology, three areas of research will be emphasized. The
important problem of predicting and controlling the behavior of multiple flexible bodies
undergoing large maneuvers will continue to be studied and a simple articulated, multi-body,
phenomena-simulator experimental model will be fabricated. System identification will
continue to be a research area with experimental evaluation of algorithms which learn in
repeated tests being emphasized. A study of advanced computational methods for model-
based control, where the model includes significant structural flexibility will be initiated.

Interdisciplinary_ Research Office

During F.Y. 1991 the emphasis of the research will be on applying and validating integrated
multidisciplinary optimization methods for three applications: high speed aircraft, rotorcraft,
and control structure integrated optimization of spacecraft. In the high-speed aircraft area,
IRO researchers are active participants in optimizing the aircraft configuration and structure in
the HISAIR project at Langley. Near-term work involves integrating aerodynamics, structures,
and performance in the design process. In the rotorcraft activity, emphasis will be on
producing a fully-integrated aerodynamic-dynamic-structural optimization procedure for a
helicopter rotor blade and initiating a comprehensive validation activity the rotorcraft
optimization methods in which analytically-design blades will be fabricated and tested to
assess optimality and behavior of the designs. In the controls-structure integration research,
and optimization procedure developed in the past year for simultaneously optimizing a
structure and control system will be extended to incorporate more comprehensive structural
constraints including buckling and strength requirements.
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CONCLUDING REMARKS

This pub!ication documents the F.Y. 1990 accomplishments, research and technology
highlights, and F.Y. 1991 plans for the Structural Dynamics Division.
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